The spectral momentum density of the valence band of arc evaporated amorphous carbon has been measured by (e, 2e) spectroscopy with significantly improved energy resolution relative to earlier studies. The valence band has been studied over a range of momenta from 0 to 1.6 a.u. with a resolution of 0.15 a.u. and over a range of binding energies from 9 eV above to 35 eV below the Fermi energy with a resolution of 1.5 eV. As seen in earlier studies, two major peaks are observed in the spectral momentum density which previously have been associated with cr and vr bands in graphite. A third feature in the spectra, a weak shoulder approximately 4 eV below the Fermi energy, is observed. A heuristic model is introduced based on the assumption that the spectral momentum density of evaporated amorphous carbon is an angular average of the spectral momentum density of graphite. The behavior of the strongest feature in the experimental spectra is described well by this model, but the other two features, which are in the energy range of the graphitic x, o2, and cr3 bands, are poorly represented by the model. It is suggested that the poor agreement is due to rehybridization of these graphitic bands.
I. INTRODUCTION
The nature of amorphous carbon films has been a subject of intense research in the last few years for both intellectual and technological reasons. ' Amorphous carbon displays a wide spectrum of structural and electronic properties varying according to the preparation conditions Rom black, soft, conducting graphitic films to hard, transparent, insulating diamondlike carbon films. These disparate properties arise because of the rich variety of possible carbon-carbon bonds f'rom linear (spi), seen in some molecular compounds, to trigonal (sp2) and tetrahedral (sp ) bonding present in graphite and diamond, respectively. Though it is generally agreed that graphitic films have a preponderance of sp2 bonds, much controversy exists over the nature of the local bond in diamondlike carbon. This paper reports the results of an investigation of graphitic amorphous carbon prepared by arc evaporation.
The electronic structure of graphitic amorphous carbon was studied by (e, 2e) spectroscopy with higher energy resolution than earlier studies. ' Our results are in general agreement with other work taking into consideration the difFerence in resolution. With (e, 2e) spectroscopy, one can measure directly the moment»m density of electron states as a function of valence band energy and, in principle, discriminate unambiguously between difFerent forms of bonding. ' In practice, one is hampered in the interpretation of the measured spectral momentum density by the lack of a first-principles theory for the electronic structure of amorphous solids. We have constructed a heuristic model of the spectral momentum density of graphitic amorphous carbon based on the assumption that it is an angular average of the spectral momentum density of the crystalline graphite. Though this model cannot be applied to the structure of amorphous carbon (the diffraction pattern of amorphous carbon is not an angular average of the graphite diffraction), some important features of the spectral momentum density are reproduced by our model. Other features in the spectra are not in agreement with predictions of the model and a more fundamental theory clearly is necessary. Fig. 4 There are significant problems with attempting to make such a correspondence and they will be discussed in the next section. For purposes of discussion, we will refer to these two features as peak 1 and peak 2 for higher and lower binding energy peaks, respectively.
At higher momentum q & 0.6 an additional weak feature appears on the spectra as a shoulder at lower binding energy. The intensities of the features displayed in Fig.  4 (a) were analyzed using commercial Gaussian curve fitting software.
The integral intensities and positions of the peaks giving the best fit to the spectra are plotted in Figs. 5 and 6, respectively.
Peak 1 decreases gradually with increasing momentum while peak 2 has an approximately constant intensity throughout the whole range of momenta. Peak 3 is an order of magnitude smaller than peaks 1 and 2 and its intensity can only be estimated to within +50%%uo for 0.6& q &1.6 a.u. (peak 3 was not resolved at 1.4 a.u. ).
The behavior of peak 1 is associated with 8-wave angular momentum symmetry while the behavior of the peak 3 is consistent with p-wave symmetry with intensity going through a maximum at q 1 a.u. We discuss this identification in Sec. V in more detail. The appearance of features in the spectral momentum density of amorphous carbon which are similar to the energy bands of graphite naturally raises the question of whether our 80-A. -thick film is amorphous. Grill Fig. 4(a) . Legend as in Fig. 5 Fig. 7 . Within our error bars, the two measurements are identical. There is no shift of the peak at 10 eV for the two momenta directions, indicating that +x direction + +z direction Fig. 1 ) and the solid circles are for data taken in the +x direction.
As alluded to in the last section, the dispersion with momentum of the features in the spectra shown in Fig.  4(a) to unity over the muKn-tin sphere. Substituting this expansion into Eq. (8) gives
where s is the muffin-tin radius and j{(qr) is the spherical Bessel function. Equation (11) is readily generalized to the case of several nonequivalent atoms per unit cell by the additional summation over the number of muffin tins with the phase factor exp( -iq R;) in which R, is the coordinate of the center of the corresponding muffin tin.
In Fig. 8 we present the band structure and momentum density of graphite calculated along the basis vectors of the reciprocal lattice. An Fig. 6 ) goes to zero at small mornenta and the peak in the intensity occurs at q 1.0 a.u.
Peak 2 and peak 3 in the data are dispersionless within our error bars and demarcate the upper and lower bounds of the model x-band dispersion. The intensity of peak 3 has a large uncertainty &om the fitting procedure, but it may have the same momentum dependence as the model vr-band intensity. Clearly, one cannot identify either peak 2 or peak 3 with our model.
The most puzzling feature of the experimental spectra at low binding energy is peak 2. The energy of this peak is almost exactly the same as the zone center graphite x band, but the momentum densities of the vr-band states in graphite go to zero at the zone center, whereas peak 2 is quite intense in the zero momentum limit. In a study of diamondlike amorphous carbon by (e, 2e) spectroscopy, zs two peaks were observed in the spectral momentum density which were qualitatively similar to peak 1 and peak 2 of our data. The resolution was insufficient to resolve peak 3 if it existed. Again, a peak in the diamondlike amorphous carbon spectra at the zone center energy of the graphite vr band had significant intensity at zero momentum. To check whether the spectral momentum we have measured by (e, 2e) spectroscopy is reasonable, we numerically integrate the experimental spectra N, (e, q) shown in Fig. 4(a) 
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